To examine the risk of mortality and major morbidities in extremely preterm multiple gestation infants compared with singletons over time.
Admission of multiple gestation infants (multiples) to NICUs in Australia and New Zealand has increased steadily over the past 2 decades. 1, 2 This trend has paralleled increases in multiple gestation births as a result of increased use of fertility drugs, increased access to assisted reproductive technology (ART) and increased maternal childbearing age. 3, 4 In 2009, there were an estimated 4605 and 908 multiple gestation pregnancies in Australia and New Zealand respectively, accounting for 1.5% and 1.6% of all pregnancies in both countries. 5, 6 Available data in Australia and New Zealand indicate that ∼1006 (18.2%) of all multiple gestation pregnancies in 2009 were a result of ART. 7 Multiple gestation pregnancies are associated with increased risk of preterm delivery and increased risk of poor outcomes as a result. [8] [9] [10] It is estimated that 1 in 10 twins are born before 32 weeks compared with 1 in 100 singleton births. 11 This is thought to account for the increased likelihood of admission of multiples to the NICU. Multiple gestation pregnancies have also been associated with increased risks of antenatal complications and congenital anomalies, which have important implications on the outcome for both mother and child. [12] [13] [14] [15] Even so, the risk of poor outcomes in extremely preterm multiples compared with their singleton counterpart has not been well characterized.
Several recent prospective cohort and single-center studies have reported conflicting results on the risk of death in twins compared with singletons. 13, [16] [17] [18] [19] [20] [21] Several studies have also highlighted the effect of birth weight as a potential confounder in assessing the risk of mortality in multiples. 16, 22, 23 Additionally, there has been a smaller number of reports with some conflicting results on the effects of plurality on the risk of major morbidities such as bronchopulmonary dysplasia (BPD), retinopathy of prematurity (ROP), severe intraventricular hemorrhage (IVH), periventricular leukomalacia (PVL), and necrotizing enterocolitis (NEC) in extremely preterm infants. 1, 8, 16, [19] [20] [21] 24 The current study aimed to determine the trends in hospital mortality and major morbidities of extremely preterm infants of multiple gestations compared with singletons. In this study, we tested the hypothesis that extremely preterm multiples have a higher risk of mortality and major morbidity compared with singletons. We also determined the trends in mortality and major morbidity in this population over time.
METHODS

Data Source
The data for this study was sourced from the Australian and New Zealand Neonatal Network (ANZNN) database that began in January 1995. ANZNN is a collaborative network of all 29 tertiary-level NICUs in the region. The network monitors the care of high-risk newborns by pooling data of all infants admitted to tertiary-level NICUs during the neonatal period (#28 days) for any of the following indications: completed gestational age of ,32 weeks, birth weight less #1500 g, need for assisted ventilation (mechanical ventilator or continuous positive airway pressure device) for $4 hours and major surgery. The care of extremely preterm infants has been regionalized since the early 1990s, where extremely preterm infants who are offered intensive care will be cared for in a tertiary level NICU. As such, the ANZNN contains 99% of all live births ,29 weeks in both countries. Neonatal, maternal, and perinatal data are collected from each NICU and compiled into a central ANZNN database located at the University of New South Wales, Australia. Each NICU has an audit officer who collects and checks the data before submission into the central database. The accuracy of the data collection is validated by random data crosschecking by ANZNN coordinators.
Study Population
For this study, infants born #27 weeks' gestation admitted to a collaborating NICU during the period of 1995-2009 were included. The study population was grouped by plurality (singletons, multiples) and by three 5-year epochs (epoch 1: 1995-1999 
Outcome Variables and Definitions
Variables were defined according to the ANZNN data dictionary (http:// www.npesu.unsw.edu.au/ anznn-data-dictionaries-registrationcriteria). Gestational age is defined as the best obstetric estimate of completed weeks based on obstetric history, clinical examination, and prenatal ultrasound. Assisted conception is classified as the use of fertility treatments including hormonal therapy, artificial insemination, or any methods of invitro fertilization. An infant is classified as small for gestational age (SGA) if the birth weight is less than third percentile according to published norms for Australian infants. 25 "Outborn" refers to newborns who were delivered in a non-tertiary-level NICU before transfer to a tertiary-level unit. Clinical Risk Index for Babies II (CRIB II) scores were calculated on the basis of the 5-variable algorithm as previously defined. 26 Mortality and major morbidity is limited to those occurring before discharge from the NICU. For multiples, each infant was considered separately for purposes of analysis.
Major morbidities examined included the presence of BPD, grade 3 or grade 4 IVH, PVL, medically or surgically treated NEC, and grade 3 or grade 4 ROP. BPD is defined as oxygen requirement or respiratory support for a chronic pulmonary disorder at 36 weeks' postmenstrual age. Classification of IVH grade is that defined by Papille and colleagues. 27 PVL is defined as the presence of typical changes in the periventricular white matter of the brain parenchyma as detected by head ultrasound by 6 weeks of life. The classification of NEC is by diagnosis at surgery/ postmortem or radiologic diagnosis (pneumatosis intestinalis or portal vein gas or persistent dilated bowel loop on serial x-rays) with a consistent clinical history or a clinical diagnosis (abdominal wall cellulitis and palpable abdominal mass) with a consistent clinical history. ROP is classified according to the staging by International Classification for Retinopathy of Prematurity. 28 A composite adverse outcome variable was also used to identify infants who died or survived with $1 of the major morbidities as described earlier.
Statistical Analysis
We compared the variables of interest between singletons and multiples using the x 2 test for proportions and t test for means, as appropriate. Analysis was performed for the whole study population and also for subgroups from 23 to 27 weeks' gestation. We developed multivariate logistic regression models to estimate the adjusted odds ratio (AOR) of the outcomes of interest including death, major morbidities, and composite adverse outcome. The following clinical variables were included in the final model to investigate the effects of plurality on outcomes of interest: gender, gestational age, SGA status, receipt of antenatal steroids, outborn status, and the presence of congenital malformations. Odds ratio (OR) and AOR were expressed with 95% confidence intervals (95% CI). A level of significance of a , .05 using a 2-tailed comparison was used in this study. Statistical analyses were performed by using IBM SPSS Statistics version 22.0. (IBM Corp., Armonk, NY).
Ethics Approval
Ethics approval was obtained from the South Eastern Sydney and Illawarra Area Health Service Human Research Ethics Committee.
RESULTS
A total of 15 402 infants #27 weeks' gestation were admitted to the network centers during the study period: 4932 in epoch 1, 5282 in epoch 2, and 5188 in epoch 3. Of these, 11 278 (73.2%) were singletons, 3681 (23.9%) were twins, and 443 (2.9%) were of higher-order multiples ( Fig 1A) . There was an increase in the percentage of twins from Epoch 1 to Epoch 3: 21.6% to 25.6% (Fig 1B) . The percentage of multiples from assisted conception increased from Epoch 1 to 2 but decreased marginally in Epoch 3. The clinical characteristics of the cohort are described in Table 1 . Mean gestational age was similar in all the groups across the epochs. Multiples had lower mean birth weight but similar rates of SGA compared with singletons in the 2 recent epochs. There were also a significantly lower number of outborn multiples in the most recent epoch.
Mothers of multiples were ∼8 times more likely to have used artificial conception therapy compared with
FIGURE 1
A, Admission trends of extremely preterm newborns (#27 weeks) and assisted conception technique usage in the cohort over 15 years. B, Distribution of extremely preterm infants (#27 weeks) admitted to NICU by plurality.
singletons: OR 7.8 (95% CI 6.9-8.7). There was a significantly higher rate of cesarean delivery (OR 1.5, 95% CI 1.4-1.6), antenatal steroids (OR 1.4, 95% CI 1.2-1.5), and surfactant usage (OR 1.4, 95% CI 1.3-1.5) in multiples compared with singletons. Mothers with multiples had significantly lower rates of pregnancy induced hypertension and antepartum hemorrhage. The mean CRIB II score, an early indicator of neonatal disease severity within the first 12 hours after birth, was not significantly different between singletons and multiples across all epochs.
Over the 15-year period, the mortality rate for multiples was significantly higher for multiples compared with singletons (24.7% vs 21.9%, P , .01). There was an overall reduction in the mortality rate of these extremely preterm infants from epoch 1 to epoch 3 ( Table 1 ). The NICU mortality for multiples (27.5% to 19.2%) demonstrated a greater 
FIGURE 2
Line chart showing the proportion of deaths stratified by gestational age and plurality. Singleton indicated by dashed line; multiples indicated by solid lines. * P , .05 for x 2 test comparison between singleton and multiples for each epoch.
reduction compared with singletons (24.5% to 18.9%). Figure 2 illustrates the mortality rate stratified by gestational age and plurality. There was no significant difference in mortality rate between singletons and multiples from 26 to 27 weeks' gestational age across the 3 epochs. The initial difference in mortality between singleton and multiples from 23 to 25 weeks' gestational age in epoch 1 and 2 had subsequently disappeared by epoch 3.
The incidence of major morbidities in singletons and multiples is described in Table 2 . Rates of IVH/PVL showed significant reduction over the 3 epochs for singletons and multiples with no significant difference demonstrated between the groups. For singletons, there was a noted increase in rates of NEC across the 3 epochs. There were no significant differences in the presence of any major morbidity when comparing singletons and multiples across all epochs. The outcomes of higher-order multiples ($3) were also investigated, and there was no notable different in mortality and major morbidity from that of twins across all epochs. To better assess the risk for poor outcomes, a composite adverse outcome variable was used, indicating the presence of mortality or any major morbidity. Composite adverse outcomes for singletons and multiples have decreased significantly over the 3 epochs (Table 3) , and no significant differences were noted in the rates between the 2 groups.
When adjusted for potential confounders including male gender, gestational age, SGA status, receipt of antenatal steroids, outborn status, and presence of congenital malformations, multiples had significantly higher odds of mortality than singletons ( 
DISCUSSION
In this population-based cohort study, we found an overall increased risk of in-hospital mortality for extremely preterm multiples compared with singletons admitted from 1995 to 2009. There was no significant difference in the risk of major morbidities between the 2 groups during the time period investigated. There were comparable adjusted odds of death or major morbidity in multiples compared with singletons in the most recent epoch. Despite the higher risk of preterm birth of multiples compared with singletons, there are indications that the outcomes of such infants may approach that of singletons born at the same gestation in recent times.
Available studies on outcomes of extremely preterm multiples have reported conflicting results on the risk for mortality and major morbidity. Many of these studies were of smaller cohorts, included infants of higher gestation, and some were uncontrolled for potential confounders. [16] [17] [18] [19] [20] [21] [22] 29 Large cohort studies of neonatal networks from United States (1991 States ( -1994 , Israel (1995 Israel ( -1999 , and Europe (2003) have reported similar risks of mortality when comparing extremely preterm singletons and twins, 8, 21, 24 although these studies are of earlier time periods. Two other cohort studies from Canada and Australia of more recent time periods have reported significantly higher AORs of mortality in extremely preterm multiples compared with singletons.
Our findings are consistent with these later studies; we found higher adjusted odds of mortality for multiples over the 10-year period of 1994-2004, but this difference has disappeared in the most recent 5-year epoch. We did not detect any significant increased risk of major morbidity when comparing multiples to singletons. Stratification of our study population to include higherorder multiples did not show any notable difference in the major outcomes measures. The effect of assisted conception was also investigated, and there was no significant difference in mortality or major morbidity by method of conception (Supplemental Table 6 ).
Our finding of comparable risks of major morbidity in our population between singletons and multiples is consistent to that published in the literature. 1, 8, 16, 20 Several studies found an increased incidence and risk for respiratory distress syndrome but not for BPD in multiples. 8, 20 One other study found increased adjusted odds for severe IVH (AOR 1.48, 95% CI 1.01-2.17) in twins compared with singletons. 24 However, this was significant only in same-sex pairs of twins with discordant birth weights. None of the studies reported any increase in the risk of NEC or severe ROP.
As expected, we noted a higher proportion of assisted conception, preterm delivery and cesarean delivery among multiples. Most large cohort studies have reported increased provision of antenatal steroids to extremely preterm multiple gestation pregnancies compared with singleton. 1, 8, 11 Other consistent findings across recent studies included lower rates of antenatal complications including lower pregnancy-induced hypertension, 1, 8, 24 antepartum hemorrhage, 8, 24 and prolonged rupture of membranes. 24 We believe the improvement in outcomes among multiples over time may be partly due to closer perinatal monitoring. This would account for the higher rates of antenatal steroids, higher likelihood of being born in a tertiary care center, and also higher usage of surfactant in this group. We investigated the potential differences in neonatal condition after birth by comparing the CRIB II scores in singletons and multiples. There was no significant difference in the mean CRIB II scores between the 2 groups and the distribution of scores was fairly similar across the epochs (Supplemental Fig 1) . This is an indication that infant's condition after birth were comparable between the 2 groups, and it is likely that the reduction in risk of adverse outcomes can also be partly attributable to improvements in clinical practice over the time period studied. The higher incidence of congenital malformations among multiples in our study is consistent with several studies that have reported incidence of congenital malformations. 1, 24 This finding is in line with previous reports of increased risk of congenital malformations in multiple gestation infants in comparison with singletons. 14, 15, 30 Our study is among the largest population-based cohorts to examine the recent trends of mortality and morbidity for extremely preterm multiples. Conflicting reports with regard to outcomes could reflect differences in study designs and population characteristics. Variation in NICU practices and case mix across NICUs may also influence the outcomes of infants as reported. However, the regionalization of neonatal care in Australia and New Zealand makes this a good representation of the extremely preterm population. The standardized definitions of risk factors and This study does not include stillbirths, infants who did not survive to NICU admission, or early pregnancy losses. This may lead to ascertainment bias in our study population. The effect of zygosity and chorionicity was not examined because of the lack of data in this regard. Both zygosity and chorionicity have been suggested to affect outcomes of multiple gestations. [31] [32] [33] [34] Monozygosity have been related to higher rates of congenital anomalies, and chorionicity is known to affect the risk of growth discordance and growth restriction. The effect of ART on outcomes as it pertains to plurality also could not be investigated because of the insufficient data on artificial conception methods. ART has been reported to affect mortality and perinatal outcomes in the extremely low gestational age infants. 1, 35 
